To identify and evaluate the trend of meal-skipping rates among Korean adolescents with their contributing causes and the influence of household income level on meal skipping. Methods: Using 2008Using , 2010Using , and 2012 data from the Korea Youth Risk Behavior Web-based Survey of 222 662 students, a cross-sectional study with subgroup analysis was performed. We calculated odds ratios for skipping each meal 5 or more times in a week by household socio-economic status using a multiple logistic regression model. The secular change in the meal-skipping rates by the students' family affluence scale was analyzed by comparing the meal-skipping students within each subgroup and odds ratios for the same event over time. Results: Through 2008 to 2012, most of the meal-skipping rates generally showed a continuous increase or were almost unchanged in both sexes, except for breakfast skipping in several subgroups. Students in low-income households not living with both parents had the highest meal-skipping rates and odds ratios for frequent meal skipping. In a time-series subgroup analysis, the overall odds ratios for the same event increased during 2008 to 2012, with a slight reduction in the gap between low and higher income levels with regard to meal skipping during 2010 to 2012. Conclusions: Household socio-economic status and several other factors had a significant influence on Korean adolescent meal-skipping rates. Although the gap in eating behavior associated with household socio-economic differences is currently decreasing, further study and appropriate interventions are needed.
INTRODUCTION
Nutrition and eating habits are important factors affecting the health of a population. Among related indicators, the meal- skipping rate is a simple but meaningful measure for evaluating the eating habits of a particular group. Indeed, many researchers have investigated the number of food consumption periods per day or meal skipping to understand the dietary patterns of a population [1] [2] [3] [4] . These studies have usually demonstrated a relationship between a higher household socioeconomic status (SES) and a higher total number of eating occasions or maintenance of good eating habits in children and adolescents [1, 4] . In addition, these outcomes were connected to a high intake of nutritious food and overall good health.
Given the important role of dietary intake and nutrition during adolescence in the prevention of disease and the prediction of health status in adulthood, numerous national policies
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and guidelines on food intake have been established [5] in many countries. Many studies have demonstrated a positive association between low household SES or a high poverty ratio and undesirable dietary behaviors such as meal skipping or poor nutritional intake [6] [7] [8] [9] [10] [11] . On the other hand, however, a number of long-term studies regarding the trend of change in eating habits over time within a specific society have generally demonstrated that the number of eating episodes and the quality of food eaten have shown improvement over time, with a decrease in the dietary behavioral gap among different social or economic classes [2, 3, 7, 9] .
Evidence also suggests that eating regularly and not skipping meals have a positive effect on overall quality of life and achievement, including academic performance, energy, and emotional functioning [12, 13] . This is an especially important matter for those who are more vulnerable in society, such as adolescents from low-income families, because meal skipping can itself act as a social signal of impoverishment, as well as have secondary adverse effects or even an association with the inheritance of poverty. On this matter, some research has focused specifically on the meal skipping of adolescents from low-income households, searching for policy alternatives as well as analyzing related other problems [14] [15] [16] .
Proper nutrition has a tremendous impact on a child's wellbeing, making it a fundamental human right [14] . Therefore, many studies of meal skipping among Korean children and adolescents have been conducted [17] [18] [19] . To address the problem of individual food insecurity among children in Korea, the Korean government has conducted school meal programs during school vacations since 2000, and has provided financial support to the children of low-income households for school meals. Beyond these two major national school feeding support systems, a free school lunch service was established in 2011, aiming for nationwide implementation. By gradually adding educational institutions receiving support, it has already been expanded to include almost all middle and high schools.
In this investigation, we focused on and analyzed the pattern and associated factors of Korean adolescent rates of skipping each of the three daily meals, especially the differences related to variation in household SES. We also conducted a subgroup analysis in order to compare these differences before and after the expansion of free meal services for lunch in Korea, and to evaluate the effectiveness of this policy.
METHODS

Study Design and Participants
We analyzed three years of survey data through a threetime cross-sectional study. The data for this study were obtained from the Korea Youth Risk Behavior Web-based Survey 2008, 2010, and 2012 (KYRBWS-IV/VI/VIII) [20] . The KYRBWS is a nationwide web-based survey regarding health behaviors of Korean adolescents (middle and high school students) conducted jointly by the Korea Centers for Disease Control and Prevention, the Ministry of Health and Welfare, and the Ministry of Education, Science, and Technology.
The study samples included 79 099 students in 2008, 74 980 students in 2010, and 76 980 students in 2012 from 400 middle schools and 400 high schools, selected by using a two-stage stratified cluster sampling method from all middle and high school students in Korea. A population was stratified by 43 regional and school-type variables, and then the sample was selected through two stages of school (the first sampling unit) and class (the second sampling unit 
Measurement of Variables
The dependent variable of our research was the rate of skipping each meal in Korean adolescents. The nine independent variables were as follows: student's grade level, body mass index (BMI), family affluence scale as a representation of household income level, average spending money per week, household members, perceived body image, effort towards changing body weight during the last month, stress awareness, and research year. In addition to the demographic factors and variables of direct interest to this study, other variables were mostly selected based on the factors reported in previous research to be associated with adolescents' eating habits [14, 15, 21] . The average amount of spending money per week was also chosen as one of the independent variables in order to examine the effect of being able to afford consuming meal substitutes, such as fast foods or other snacks. All variables were measured through responses to multiple-choice or combination questions, except BMI, which was calculated from reported height and weight.
The data was analyzed separately for males and females ex-cept for the subgroup analysis, because meal skipping reveals sex-dependent differences in itself, and is often closely related to the variables that are dependent upon sex, such as efforts to change body weight or self-perception of body image [15, [22] [23] [24] . For most of the variables, we undertook recategorization of choices or created new variables. Groups were categorized according to BMI (obesity, overweight, normal body weight, and low body weight groups), according to the standard growth chart for adolescents published by the Korea Centers for Disease Control and Prevention in 2007 [25] . As an indicator of the SES of the household, the Family Affluence Scale (FAS) was used, which was first developed from an international cooperative study of the World Health Organization and then adopted by the KYRBWS [20] . The FAS is a four-item questionnaire that helps students report their family income objectively: It evaluates the sum of scores regarding whether the family owns a car, whether the student has his/her own bedroom, the number of family vacations during the past 12 months, and the number of computers the family owns [26] [27] [28] [29] . Comparison with other socioeconomic indicators, such as father's education level or student's perceived SES, will be discussed later. In addition, the responses regarding average spending money per week were divided into a total of six groups, by combining several groups together that were too small for analysis. The variable of family members, which consists of selected combination-type responses, was transformed to a binary variable with reclassified groups divided by whether a student lives with both parents or not. Those who did not attempt to control body weight in any way and those who attempted to maintain body weight were combined into one group, while stress awareness, which had been measured on a five-point scale, was reclassified into three groups. As a dependent variable, the rates of skipping each meal were defined as a proportion of students who ate their breakfast, lunch, or dinner less than three times during the previous seven days (skipping a meal five or more times per week) in each subgroup of all independent variables, according to the equation in the guidelines of the KYRBWS 2012 for using primitive data [20] . The denominator would be the total numbers of students in each specific subgroup, for example, total female students, or male students, who responded that their family affluence scale was high.
Statistical Analysis
For all categorical variables, data are presented as the number of cases and their respective proportions. The statistical analysis was done on weighted data using the SURVEYFREQ and SURVEYLOGISTIC procedures, so that the population and the sample were consistent with each other in demographic composition. In order to see the differences in meal-skipping rates among different responding subgroups of the variables for each single factor, a chi-squared test was performed. Logistic regression analysis was performed with the trend test to determine the odds ratios of skipping each meal five or more times per week due to the change in each variable while controlling for the effect of the other variables. In addition, particularly for the purpose of examining the patterns of change in the effect of household economic conditions over time on a student's meal-skipping rate, a subgroup analysis according to family affluence scale was conducted for each year, as a variable of interest among the eight variables originally selected. The results have also been presented as an every-other-year change in meal-skipping rates and odds ratios for skipping each meal. Trend tests for these changing patterns were also conducted. In every logistic regression analysis including all dependent and independent variables, we confirmed that there was no multicollinearity between these variables using the VIF (variance inflation factor). A p-value of <0.05 was considered to indicate significance and all statistical analyses were performed using SAS version 9.2 (SAS Inc., Cary, NC, USA).
RESULTS
Surveys were conducted in 2008, 2010, and 2012 in order to target the entire sample group consisting of 115 890 male and 106 772 female students.
Breakfast-skipping rates were lowest in 2012, but lunch-and dinner-skipping rates increased continuously or remained nearly unchanged during 2010 and 2012 for both sexes. This prevalence of frequent meal skipping increased from 5.7% to 12.8% in males and 3.9% to 8.8% in females for lunch, and from 6.4% to 12.6% in males and 8.1% to 9.8% in females for dinner. Meanwhile, the breakfast-skipping rates decreased steadily from 25.1% to 24.9% in males and 26.7% to 24.6% in females. We also observed that the group of students with low household SES had the highest meal-skipping rates among the entire research population, and paradoxically, students who received the largest amount of spending money also had the highest meal-skipping rate in both sexes. The same result was seen in the group of students reporting that at least one Underweight defined as one' s BMI <5th percentile of same age group' s distribution; Overweight as 85th percentile≤BMI <95th percentile of same age group' s distribution; Obesity defined as BMI ≥95th percentile of same age group' s distribution.
of their parents did not live with them, and those that felt a lot of stress in daily living ( Table 1) . The odds ratios for skipping each meal five times or more per week in each subgroup were calculated for all independent variables after adjusting for the effect of other variables. In the case of lunch and dinner in both sexes, the overall risk of meal skipping increased substantially in 2010 and 2012 compared with 2008 (p=0.004 for trend in dinner skipping among females; p<0.001 for all other trend comparisons). The group of students whose household SES was low, those who did not live with both parents, and those whose average spending money per week was high presented the highest risk of meal skipping. These results were statistically significant and were true of every meal for both sexes.
In the case of breakfast, students of both sexes showed the lowest risk of frequent meal skipping when they had a lean body image, but this was only statistically significant in males. For lunch and dinner, in contrast, students who perceived themselves as fat recorded the lowest risk of frequent meal skipping, and almost all cases were statistically significant. The group with the highest risk for meal skipping was students who replied they had an average body type in both sexes, for every meal. On the other hand, when we focused on actual BMI, the low bodyweight group showed a tendency toward having the highest risk of meal skipping in both sexes, but these differences were not significant except for breakfast skipping in male students. Also, the risk for meal skipping showed a certain correlation with efforts to change bodyweight for boys, meaning that, for every meal, there was the highest risk for frequent meal skipping in those who were trying to lose weight and the lowest risk for frequent meal skipping in those who were trying to gain weight. However, among the girls, for every meal, the students who did not make any effort to change their weight demonstrated the lowest risk for meal skipping. Whereas the girls who were trying to lose weight recorded the highest breakfast-skipping risk and this risk showed an in turn showed a correlation with an attempt to change bodyweight, girls showed a contradictory tendency for lunch and dinner, meaning that the highest meal-skipping risk was recorded in those who were trying to gain weight, and it was statistically significant. Those with a stress levels that were slightly above the average did not have a significantly different risk of frequent lunch or dinner skipping in both sexes (Table 2) .
Among these variables, we focused on the effect of household SES on meal-skipping rates, specifically the variation in meal skipping associated with SES. For this purpose, we conducted a time-series comparison of skipping rates of each meal within high, middle, and lower family affluence scale classes. The results from simply measuring the meal-skipping rate of five or more times per week according to family affluence scale each year showed that the low SES class had a significantly higher meal-skipping rate compared to the middle and high SES classes, for every meal and both sexes. The overall rates of skipping lunch and dinner were on the rise in both sexes, but between 2010 and 2012, particularly in the low family affluence scale class, the incremental slope showed definite slowing aspects and the rates themselves decreased.
In the case of breakfast, on the other hand, the meal-skipping rates in all family affluence scale classes and both sexes were lower in 2012 compared to 2010 (Table 3) . Although low-SES households had the highest meal-skipping rates under most conditions, such a reduction in the meal-skipping rate itself or a relatively large reduction in the incremental width in a group of low-SES household students can be interpreted as a positive sign of an improving gap in eating behavior by household income level. When considering and adjusting other independent variables that may have an influence on meal skipping (i.e., grade level, BMI, average spending money per week, family members, perceived body image, effort towards changing bodyweight during the past month, and stress awareness), the odds ratios for skipping a meal five or more times per week showed a decrease in many cases over the study period. In some cases that showed increased odds ratios for meal skipping, the incremental change was much smaller in the low-SES class than in the high-SES class. The risk of breakfast skipping uniquely showed a gradual decrease in female students, regardless of SES status. In contrast, a relatively obvious increase in the risks of dinner skipping in male students of all SES classes, which reached doubling or even more, was observed. However, the increase in dinner skipping was less remarkable in female students. For the students in the low-SES class, only the boys revealed a discernable increasing risk of meal skipping for lunch (Table 4) .
DISCUSSION
In this study, we measured the overall meal-skipping rates of Korean adolescents and differences between them associ- Values are presented as odds ratio (95% confidence interval). BMI, body mass index; KRW, Korean won; BW, body weight. Underweight defined as one's BMI <5th percentile of same age group's distribution; Overweight as 85th percentile≤ BMI <95th percentile of same age group's distribution; Obesity defined as BMI ≥95th percentile of same age group's distribution. Values are presented as odds ratio (95% confidence interval).
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Adjusted for grade level, body mass index, average spending money per week, household members, perceived self-body image, effort towards changing body weight during the last month, and amount of stress.
ated with various factors in boys and girls, with a specific focus on household SES classes. Our observations included the changing patterns in meal-skipping through 2010 and 2012, compared to 2008. For some variables, the pattern of skipping breakfast demonstrated different features from that of lunch and dinner. In most cases, for both sexes, we could infer that breakfast skipping was a voluntary choice, as our results showed that the group of students who perceived themselves as thin had a lower breakfast-skipping rate than those who perceived themselves as fat, and the groups of students trying to lose weight showed the highest meal-skipping rate. On the other hand, the pattern of skipping lunch and dinner showed the opposite characteristics, meaning that students who perceived themselves as thin or had low bodyweight recorded an even higher skipping rate, and girls trying to gain weight recorded the highest meal-skipping rate. This has two possible implications: One is that unintended lunch-or dinner-skipping itself functions as an independent variable and influences each individual's body type or BMI, rather than being an intended action resulting from one's perceived body type or effort to change bodyweight; the other is that there could be a tendency in the low bodyweight group and the group trying to gain weight to skip lunch or dinner and substitute other snacks in place of their regular meals. Meanwhile, for boys, when classified by the effort to change bodyweight, all groups showed the tendency to skip meals in accord with their weight changing goals for every meal. This suggests that, for the male students, lunch-and dinner skipping were also intentional and voluntary like breakfast skipping. We found that, the greater the allowance the students received, the higher the rate of meal skipping and the risk of meal skipping. Particularly in the group of students with the greatest average spending money per week, which exceeded 60 000 Korean wons (about 50 US dollars), the odds ratios for skipping meals five times or more per week markedly increased in both sexes. This could be inferred to be related to the relatively large allowance, perhaps in dual-income families, but further research would be needed to confirm this. Regarding stress awareness, girls reported gradually increasing meal-skipping rates for all three meals as their stress from daily life increased. However, for the boys, only the breakfastskipping rate increased as their stress increased; lunch-and dinner-skipping rates were lower in boys who experienced a bit of stress than those who felt almost none.
Students who belonged to the low household SES class had higher meal-skipping rates and higher odds ratios for frequent meal skipping compared to those of the other SES classes, which was particularly clear in the male students, whose differential between the low class and other classes was about 1.8 times. This indicates an apparent gap in regular eating behavior between the low household income level group and other groups. In addition, the students who reported not living with both parents had the highest skipping rates in both sexes for every meal, and it was more remarkable in breakfast skipping than lunch-or dinner skipping. Therefore, we propose that government-led programs be implemented to support these disadvantaged groups. For example, establishment of a public free meal service center, or implementation of programs such as food stamps or the School Breakfast Program, which have been implemented in the US, as well as programs for educating and encouraging healthy eating habits for disadvantaged adolescents, would be advantageous [30, 31] .
Our results show that, though the overall meal-skipping rates and odds ratios for frequent meal skipping for lunch and dinner increased over time in both sexes, the incremental rates decreased between 2010 and 2012, particularly in the low-income group, suggesting that the existing difference in basic health behaviors or eating patterns between low SES households and others, whether it is a problem of accessibility or a problem of personal inclination, had a tendency to decrease over time. This data constitutes an improvement from a public health perspective and may be partially associated with the implementation of free lunch services in schools, which was implemented and has been extended to nearly all Korean middle and high schools throughout 2011 and 2012. On the other hand, unlike the decrease in the SES gap in lunch-and dinner-skipping, there is almost no change in the differences in breakfast-skipping rates between the low SES class and others from 2008 to 2012. The meal-skipping rates and odds ratios for breakfast generally decreased a little but did not change much between 2010 and 2012 in both sexes, and all SES classes. Nevertheless, ongoing high or increasing mealskipping rates for any of the three meals in adolescents should be considered a significant problem. In addition to household SES, whether or not the student lived with both parents also appears to be an important factor in adolescent eating habits and meal-skipping rates. Further consideration regarding an interaction between these two factors, as well as the high meal-skipping rates of those in the low bodyweight and high-stress groups, followed by appropriate management, may be fruitful.
Some studies in Korea have investigated the various factors that are associated with adolescents' meal skipping, such as accurate knowledge of nutrition, type of residential district, parental occupation, and health behaviors like cigarette smoking, along with the variables included in the present study such as household SES [13, 15, [17] [18] [19] 23] . Several other studies have emphasized the factors associated with social support like care from the family, rather than household statuses [14, 15, 32] . Those factors turned out to be an important variable in our research as well; as represented by "family members" variable, which meant 'single-or two-parent household' in our study, it could be one explanation of why students were more likely to skip breakfast than any other meal, in that breakfast is usually and mainly served at home. Moreover, the influences of all these factors taken together may explain meal-skipping rates which remain high in spite of the expansion of free school meal services.
To conclude, the reasons behind continuously high and increasing meal-skipping rates should be analyzed, considering all the above mentioned factors, followed by appropriate interventions. Special consideration should be taken for highrisk groups such as students who are attempting to lose weight or belong to the low bodyweight group, children of single-parent or low-income families, socially alienated or neglected students, and so on, who have been identified through previous research or our study. A range of interventions should be attempted, such as providing education about nutrition, managing stress, helping students to establish a healthy self-image, and managing or encouraging schools and students to engage in a school food service program that aims to ingrain healthy eating habits into adolescents [14, 15, [22] [23] [24] . In addition, we should consider a range of approaches for improving our current school food service and its implementation. First, we could focus on several gaps in our program. This survey was conducted when school was in session, but more students will be at risk of frequent meal skipping during holidays when regular school lunch service is not provided. The Korean government has made an effort to cope with this problem, by running a boxed lunch delivery program with various organizations and institutions during vacations. Like this, other supplementary services can be provided to fill the gaps in meal services of existing programs. Second, satisfaction with the existing services, on the basis of frequent surveys or interviews, could be improved, using a number of different policies and interventions [33, 34] . Efforts to expand school meal programs and providing better meals at school while improving hygiene and service, combined with expertise and programs that incorporate the social welfare system, would result in achieving greater efficacy of school meal programs [33] [34] [35] [36] .
In this study, we used data from 2008, 2010, and 2012 to observe the change in Korean student meal-skipping rates over time. In analyses of subgroups divided by household SES, we identified the differences in meal-skipping rates by SES. However, this was a cross-sectional study, making it difficult to establish definite causality between dependent and independent variables. Furthermore, there are calculations other than those used in this study that could have been used to determine the meal-skipping rate, which could have resulted in different findings than those reported here. Among several indices for SES of household, we used the FAS score, which is known for strong associations with health outcomes that are related to family culture and behavior, but less so for some behaviors where peer norms are a potentially powerful influence. The FAS also has its own limitations, in that it does not reflect changing patterns in family consumption and lifestyle today [26, 27] . The results from using different socioeconomic indicators other than the FAS, such as father's education level or student's perceived SES, did not reveal remarkable differences from the results of this study. Additionally, with regard to policy implementation, it is worth noting that there is a difference between an interpretation based on statistical significance, which is subject to a large sample size, and the meaning of results based on effect size, which should be considered in policy-making processes.
In conclusion, in the context of increased overall meal-skipping rates, household SES continues to play an important role in Korean adolescent eating habits related to appropriate meal intake. Although we found that the gap in eating behavior between households of differing SES showed a small reduction over time, there were also many other factors that perturb healthy eating habits, such as not living in a two-parent household or excessive stress. These factors should be further investigated and appropriate government-led interventions enacted.
